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By Wo. H. WAGGAMAN, 
Scientist in Investigation of Fertilizer Resources. 


INTRODUCTION. 


The extraction of potash from silicate rocks or the rendering of 
this alkali soluble in water has been and probably will continue to be 
for a long time the object of numerous investigations. 

Rosst has investigated many of these processes and discussed 
several in some detail. For convenience he divides them into three 
classes, as follows: (1) Processes which yield potash as the only 
product of value; (2) processes which yield potash and some other 
salable material as a by-product; (8) processes in which two or more 
operations are combined in one, yielding a fertilizer containing two 
or more of the constituents, potash, phosphoric acid, and nitrogen. 
He describes two methods for obtaining potash from feldspar by 
treating mixtures of that mineral and lime, collecting the potash 
thus liberated, and using the residue for the manufacture of cement. 
The potash obtained by these processes, however, is in the form of 
oxide or hydroxide, and is therefore more valuable for other purposes 
than for the manufacture of fertilizers. Ross also tried heating 
together feldspar and lime with the addition of phosphate rock, but 
found that the latter substance did not enter into the reaction, there 
being no increase in the quantity of potash thus obtained over that 
produced by the ignition of feldspar and lime alone. 

The production in a single operation of available phosphoric acid 
and potash from insoluble minerals, however, presents possibilities 
which are particularly attractive, and several processes have been 
devised to accomplish this end. It is the purpose of this paper first 
to discuss these existing methods and then to describe a process 


1 Jour. of Ind. and Eng. Chem., 5, No. 9, pp. 725-728 (1918). 
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recently devised in this laboratory for rendering the phosphoric acid 


and pon in a mixture of phosphatic lmestone and feldspar “ citric 


soluble.” 
EARLIER METHODS. 


There are four? recorded processes for making a phosphoric acid-_ 
potash fertilizer from phosphate rock and feldspar. Im chrono- - 


logical order they are as follows: 

A method devised by Charles Bickell? in 1856, which consists in 
heating in a reverberatory furnace to a light redness for two hours 
an intimate mixture of 1 part feldspar, 0.5 part phosphate of lime, 
and 3 or 4 parts of air-slaked ime. Bickell claims that both phos- 
phoric acid and potash in available forms are obtained by this treat- 
ment. 

This experiment was repeated in this laboratory, using ‘feldeoae 
Tennessee phosphatic limestone, and calcium carbonate in the fol- 
lowing proportions: 


Per cent. 
Heldspar ¢13:7 wer: cent: KeO) te ee ea ee 222 
Phosphatieslimestone +(23 per cent) 2.0;) 2 2 eee bl WP ge 
Calciimy caTvDonale:. 3 Sea. _ are an ee a ee ee 66. 7 


Assuming that the carbon dioxide present in the calcium carbonate 
and phosphatic limestone was the only substance volatilized during 
the process, the product should have contained after ignition 4.38 
per cent potash (K,O) and 3.4 per cent phosphoric acid (P,O,). 
Analysis of the residue, however, gave the following results: 


K:0: Per cent, 
NG GN Se oo at a ea 2 re ee ee 1. 94 
Water soluble_2 2 +52 2b ee ee ae 18 

P20; 5 
MOtAl i422 Jia fee st ES gn ee ee eee 3. 62 
@itries soluble 2 2 se he ee a 1. 40 


These results show that over 44 per cent of the potash present in 
the mixture was volatilized upon ignition, and of that which re- 
mained in the residue only 9 per cent was water soluble. While none 
of the phosphoric acid was volatilized, less than 39 per cent of the 
total amount present was soluble in a 2 per cent solution of citric 
acid (the method usually employed for determining the availability 
of phosphoric acid in basic slag). 

The second process for the manufacture of a ihosuhate tee 
fertilizer from feldspar and phosphate rock was devised by Fred- 
erick Klett * in 1865. It consists of heating to redness for five hours 
an intimate mixture of one part feldspar, two parts carbonate of 
lime, one part phosphate rock, and adding for each part of K,O in 
the feldspar two parts of calcium fluoride. It is claimed that a solu- 


1 Since transmitting. this manuscript several other processes have been devised. The 
author regrets that it is impracticable to consider these methods in the present paper. 
2U. S. Patent No. 16111 (1856). 2U. S. Patent. No. 49891 (1865). 
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ble silicate of lime and potassium phosphate are thus obtained. In 
view of the fact that the percentage of potash in the mixture is rela- 
tively small and that the time of heating is very long, it is hardly 
likely that the value of the product would cover the cost of manufac- 
ture. Moreover, the claim that phosphate of potash is formed in the 
operation is apparently not justifiable. It was thought advisable, 
however, to test this process also. A mixture of the following com- 
position was made up and ignited in a muffle furnace for five hours 
at red heat: 


Per cent. 
PG anironeles Pere CeNy Wks) ): sa. ee ete LN 24. 21 
PBospnave rock, (o2.8 percent’ P.O;) 2-2-2 pe. i) 24521 
COSTED ORS PTY 5G 1 ES 2 OIE eae ae eR 48, 42 
CART OCT ISIS UIRDICOSTINTG (SESS SE 5 lar lg ae See a Sealey 


The shghtly sintered product of this mixture was finely ground and 
analyzed both for potash and phosphoric acid. If carbon dioxide 
were the only volatile substance formed by heating the above mixture 
the final product should have contained 4 per cent of K,O and 10.09 
per cent of P,O,. Actual analysis of the material, however, gave the 
following results: 


K.0: Per cent. 
INTs Teed ine ee ees es es ee a Ot Meee ya eee ee 0. 60 
P20; 5 
TOOY EEL (le i ile Re lg te Sa in 10. 51 
CS CEPTCE SADC GSD SS aa aR a a” Ge aa Maer MataS wna 4,15 


Here again, as in Bickell’s process, the potash nearly all vola- 
tilized, while less than one-half of the phosphoric acid present in the 
residue is citric soluble. 

The third process for rendering the phosphoric acid and potash 
of rocks available for fertilizer purposes is that of Coates, which 
consists in adding to the sterlized rock mixture certain microorgan- 
isms that effect the breaking down of the rock minerals. It is 
understood that the material thus prepared is being tried out ex- 
perimentally by actual field tests, the results not yet having been 
reported. 

_ In 1912 Haff? devised a process for making potassium phosphate 
from a mixture of feldspar and phosphate rock. The method is based 
on the fact that at high temperatures and in the presence of silica and 
a nonvolatile base, both potash and phosphoric acid are volatilized. 
Haff claims that 95 per cent of the potash and phosphoric acid of 
natural rocks can be driven off at a temperature of 2,000° C. and 
collected by passing the fumes through scrubbing towers. While 


this method has not been tried out in this laboratory, the cost of 


maintaining the high temperature necessary for the decomposition 


1U. S. Patent No. 947795 (1910). 2U. S. Patent No. 1018186 (1912). 
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of the minerals and the expense of collecting and recovering the 
potash and phosphoric acid thus violatilized make it very doubtful 
if this process is commercially practicable. 


THE FUSION OF FELDSPAR AND PHOSPHATE ROCK. 


The solubility of phosphates in certain organic solutions has for a 
long time been regarded as a test of their agricultural availability. 
The nature and strength of the organic solvent used differs in various 
countries, and since each process is based on an arbitrary standard, 
it can only give corresponding results when conditions are the same. 
But in spite of the fact that none of these methods is founded upon 
a strictly scientific basis, it 1s generally thought that phosphates 
soluble in such solutions are under soil conditions more active than 
those which do not dissolve in the same mediums. 

The beneficial effect of the phosphoric acid in finely ground 
steamed bone is unquestioned, and although little of it is water 
soluble, a neutral solution of ammonium citrate will dissolve from 
12 to 31 per cent of the acid, depending on the temperature of the 
solution and the time of contact.1. It is also an indisputable fact 
that excellent results have been obtained by the use of basic slag as 
a fertilizer, and it is claimed that these results are commensurable 
with the amount of citric soluble phosphoric acid present in the 
material. 

It. has therefore become customary to regard citrate or citric 
soluble phosphcric acid as having a commercial value nearly equal 
to that of water soluble phosphate? While this is true of phos- 
phates, the same view is not taken of potash-bearing substances, 
since practically all of the potash carriers used in agriculture are 
water soluble. The potash in the ordinary soil minerals is almost 
entirely insoluble in water, and but shghtly soluble in the mineral 
acids, but if the potash present could be converted into a citric 
soluble form there seems to be no reason why it should not be con- 
sidered as available to crops as citric soluble phosphoric acid. 

During some investigations carried on in this laboratory on the 
possibilities of rendering the slags from the iron and steel industriés 
available for fertilizer purposes,’ attempts were made to fuse to- 
gether mixtures of feldspar and phosphatic hmestone with a view to 
obtaining both the potash and phosphoric acid-present in an “ avail- 
able” form. Mixtures containing various proportions of these two 

1 Huston, H. A., 32d Annual Report Indiana State Board of Agriculture, p. 230 (1883) ; 
Wiley, H. W., Principles and Practice of Agricultural Analysis, vol. 2, p. 47: Wheeler, 
H. J., Manures and Fertilizers, p. 172 (1913). 

2A report of a conference of the experiment stations of New York, New Jersey, and 
New England, Mar. 1, 1911, indicates that citrate soluble phosphoric acid has about 


nine-tenths of the fertilizer value of water soluble phosphoric acid. 
3 Bul. 95, Bureau of Soils, U. S. Dept. of Agr., 1912. 
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substances were ignited at temperatures ranging from 1,200° to 
1,400° C., but only viscous fusions were obtained and the potash 
and phosphoric acid in none of these were soluble in 2 per cent 
citric acid, the solution conventionally employed to determine the 
availability of phosphoric acid in basic slag. 

The failure to obtain liquid fusions was at the time attributed to 
the absence of iron or manganese, or both, in the mixtures, since it is 
wéll known that these elements impart fluidity to slags in the manu- 
facture of iron and steel. Subsequent experiments have proved that 
such was the case, for on the addition of small quantities of these 
two eiements to certain mixtures of feldspar and phosphatic lime- 
stone liquid fusions were obtained, and these were found to contain 
both phosphoric acid and potash in a citric soluble form. 

In Table I is given the composition of the materials used in the 
experiments. 


TABLE I.—Com~position of feldspar and phosphatic limestone used. 


Material. ._ SiOse. AleO3. CaO. K20. NaeO. | P2035. COo. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
LEENAGISTO} 908 SRR 7S a oo ar oe eee 65.7 LBA eres Ae 13).7 D2)" | ees Se relat ene cee 
Phosphatic limestone ....-...-. aA Ghee Naas oss Bree Ua Ieee car seach EOP Si ee 20.0 10.5 


The above materials were mixed in various proportions and small 
amounts of hematite and manganese dioxide were added. Each 
mixture was then placed in a graphite crucible and heated in a 
muffle furnace until fusion took place. The melts were then cooled, 
finely ground, and analyzed for phosphoric acid and potash (both 
total and citric soiuble). 

It was found that while citric soluble potash can be readily ob- 
tained by heating various mixtures of feldspar and phosphatic hme- 
stone over a wide range of temperatures, the limits within which the 
maximum yields of citric soluble phosphoric acid are obtained are 
quite narrow, both in respect to the proportion of the ingredients in 
the mixture and the length of time of heating. 

The percentages of the ingredients used in the various mixtures 
before ignition and the composition of the melts are given in 
Table II. s 
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TABLE II.—Proportions in which ingredients were mixed and andlyses of melis 


obtained. 
Amount of material used. Analysis of melts. 
+ Properties of P2O5 | K:O |- 
Sample No. Fhos- fasion sola ore 
Feld- | phatic Fe.0. Mae BIgGh Total bless Total 
spar. | lime- cach ~ Citric | b205~ | cis 4 eae 
Stone acid. acid. 
Perict.|\PPerict..\ Pen. ci. hence: ‘Per ct=\ Perects | Rect | emer 
7 SS SO SSCOODACE 42.8 42.8 8.6 5.7 elently, viscous. 2.12 9.76 6.56 6.82 
ZS Oee oe te oon 37.5 50.0 15 OSO Meee GO ean ee 1.50 | 11.40 5.32 5.68 
SOLSE se eae ece oe 46.8 37.5 9.4 6.3 Liquid BS eras 7.22 Fo2L 6.50 6.48 
OAS ree eee tee cies 37.5 42.5 12.5 Tea | lasase OMe Se eee | 5580) 429E13 4.50 5. 26 


1 Not determined by analysis, but calculated from the quantity of feldspar added. 


Table II shows that nearly all of the potash present after fusing 
the various mixtures was soluble in 2 per cent citric acid, but in only 
one case (33S) was the total phosphoric acid present after ignition 
soluble in this same: medium. 

Further investigation showed that both the quantity and solu- 
kility of the phosphoric acid remaining in this melt was greatly 
influenced by the temperature and length of time of heating. In 
order to test the effect of these two factors on the composition and 
nature of the melt, this mixture (33S) was heated for various 
periods of time and at several different temperatures. The melts 
thus obtained were cooled, ground, and analyzed. The results of 
these analyses are given in Table IIT. 


TABLE III.—Properties and analyses of melts obtained by heating together phos- 
phatic limestone and feldspar with small amounts of hematite and manganese 
dioxide. 


POs. K,0. 
Tempera- F 
Sample ture of Time of Properties of fusion. | 
No heating. arate aes 
melt. Citric Total Citric Total 
soluble. @- | soluble. ‘ 
SiG: H. m. PenCeNts Rack Per cent. Per cent. 

BBiAwAR ee 1, 200 0 = 320012 ViASCOUS aoec- see 1.82 8.50 5.98 6.76 
33 SB. 1,400 ON 405) Wbiquides. S22 2cee 7.22 7.21 6.50 6.48 
HUIS Oe Ae 1,400 1 40 | Less liquid.......- 2.50 3.76 Lost. 5.48 
83 SD. 1,400 4240) ViSCOUSs-c2- > oe 1.20 2.88 | Not deter- | Not  deter- 

mined. | mined. 


It is shown in Table III that when the mixture was heated to 
1,200° C. for about 20 minutes the fusion was not complete, and only 
a little more than 21 per cent of the total phosphoric acid present was 
citric soluble; over 88 per cent of the potash, however, was soluble 
in the same medium. Upon raising the temperature to 1,400° C. and 
maintaining it there for 20 minutes the fusion became quite fluid, 
and, although small amounts of potash and phosphoric acid were 
lost through volatilization, the remainder of these ingredients was 
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entirely soluble in 2 per cent citric acid. After heating the mixture 
for one hour longer at the same temperature almost 50 per cent of 
the phosphoric acid and more than 15 per cent of the potash were 
volatilized, and upon heating for three hours more the phosphoric 
acid was still further reduced. 

The sample richest in citric soluble phosphoric acid and potash 
(33S B) was submitted to a microscopic examination by Mr. W. H. 
Fry of this bureau. It was found to be isotropic and possessed all 
the external characteristics of a glass. 

This was to be expected, however, since the melt was cooled too 
rapidly to allow of its crystallization. 


oe ee OF THE POTASH OF THE SLAG IN WATER SATURATED 
WITH CARBON DIOXIDE. 


The fact that the phosphoric acid of basic slag is fairly soluble in 
water saturated with carbon dioxide is taken as an added proof of 
its availability under soil conditions. It was thought advisable, 
therefore, to test the solubility of the potash in the slag product 
(33SB) in this same medium, comparing this sclubility with that of 
-the potash in feldspar. 

Considerable work has been done on the so-called solubility of 
orthoclase in water and in various other solvents. It is recognized, 
however, that this mineral has no definite solubility in water, but the 
dissolved material undergoes practically complete hydrclysis or de- 
composition, the amount of this decomposition being considerably 
affected by the fineness of the mineral, the method of grinding it 
(whether wet or dry), the quantity and temperature of the water 
used, and the length of time the water is allowed to act. 

In Table IV the apparent solubility of feldspar in pure water and 
in water saturated with carbon dicxide as determined by several in- 
vestigators is given. Hew of these results are comparable, owing to 
the different conditions under which the experiments were conducted, 
but they are of interest in showing what widely divergent results 
are obtained by varying these conditions. 


1 Roger Brothers, Am. Jour. Sci. and Arts. 2, 401 (1848) ; Daubrer, A., Etudes Synthé- 
tiques de Géologie Expérimentales, pp. 268-275 (1879) ; Clarke, F. W., Jour. Am. Chem. 
Soc., 20, 739 (1898) ; Lemberg Inaugural Dissertation Dorkat (1877) ; Cameron and Bell, 
Bul. 30, Bureau of Soils, U. S. Dept. of Agriculture (1905) ; Cushman and Hubbard, Bul. 
28, Office of Public Roads, U. S. Dept. of Agriculture (1907). See also Cameron, Pro- 
ceedings Highth International Congress of Applied Chemistry, New York, 1912, Vol. XV, 
p. 43 et seq. 
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TaBLE [V.—Solubility of feldspar in water and in water saturated with CO:, as 
determined by various investigators. 


Amount 
Amount Amount : p Amount 
Investigator. offeld- | ofwater | 7™meot! | wethod of treatment. | Of K20 dis) of K.0 in 
spar used. used. ee feldspar. solutions. 
Grams. Grams. : Per cent. P.p.m. 
IDEN oy ee eRe 3,000 5,000 | 192 hours..| Triturated in re- 0.420 2,520.0 
volving cylinder. 
DOR eee ese 2,000 |(COz) 3,000 | 240 hours..|...-. DOR eae Sales .013 90.0 
Cameron and Bell... 2 1,000 | 14 months.}; Allowed to stand in -085 lj 
contact with water. 
IDOS-snss< 28255! 2H (COs) L000 Pee Goee eas | sae UO shore! Se m2 2.5 
pecan and Hub- 25 100 | Not given.} Mineralground while 1.100 1 250.0 
bard. dry. 
DOs sae ee 25 100)}-<dos-2e:= Mineral ground wet. 11.280 1 3,200.0 


1 Total residue. 


In the experiments for comparing the solubility of the potash in 
33SB with that of feldspar, a large quantity of the slag product was 
first prepared and ground to pass a 200-mesh screen. On analysis 
this material showed the following composition: 


Per cent. 
K°@> crevice tsoluple= 222: as. ated eg oo ad SARS A ee a ee 5.14 
WeOppotal 4s ts 8 see OF er ES EE ed ee ed ee ee ee 5. 43 
EO Citric? soluble 22. 2 te a ee ee ee eee 6. 32 
E2Os tol ooo eh ee Isa ee A eee 6.31 


Two samples of this slag of 25 grams and 0.25 gram, respectively, 
and the same quantities in weight of feldspar (ground equally fine) 
were placed in platinum-lined brass cylinders, 100 cubic centimeters 
of water were added to each and carbon dioxide under an average 
pressure of 14 atmospheres was passed through the solutions for one 
week. At the end of that time the amount of potash dissolved from 
each sample was determined by analysis of the’ solutions. The re-- 
sults of these analyses are given in Table V. 


TABLE V.—Solubility of the potash in the slag product (33SB) in water 
saturated with carbon dioxide, compared with that of the potash in 
feldspar. 


sample. 


| Potash dissolved. 

| 

| Amount of | Amount of ai GaAaeGhe es 
Material used. | material water Percentage 

| used. employed. | Potash in of total 

i solution. | potash in 

| 


Feldspar.....- BSS nt Sa eth aloes Noch tw ee 
DO sree eat antes cette ae 222 GS eS boc ere 


i en? ee le * ee) ee he ee 
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In the case where large samples (25 grams) of slag and feldspar 
were used the resulting solutions differed but little in respect to their 
potash content, but considering the fact that the sample of slag con- 
tained less than one-half as much potash as the feldspar, the per- 
centage of potash dissolved from the former was nearly four times 
as great. Moreover, while no quantitative determinations were made 
of the total solids in solution, the amount dissolved from the slag 
Was apparently many times greater than that dissolved from the 
feldspar. 

In the case where only 0.25 gram samples of the two substances 
were used the slag yielded a solution nearly three times as strong 
(in respect to potash) as the feldspar, and when the quantity of 
potash in the two substances is considered the percentage dissolved 
from the slag was nearly seven times greater. 


RESULTS OF POT TESTS WITH SLAG FERTILIZER. 


Although the solubility of the potash and phosphoric acid in the 
slag product was indicative of its agricultural value it was thought 
advisable to test its merits by actually growing plants in soils treated 
with this material, and comparing their growth with that of plants 
erown under similar conditions in the same soils untreated and 
treated with well-known potassic and phosphatic fertilizers. 

The experiments were conducted by Mr. J. J. Skinner of this 
bureau. The wire-basket method described in Circular 18, Bureau 
of Soils, was employed, using wheat seedlings. 

Three types of soil were used, namely, the Carrington silt loam 
from Wisconsin, the Hagerstown loam from Pennsylvania, and the 
Volusia silt loam from New York. These soils are described in 
Bulletin 96 of this bureau as follows: 


The Carrington silt loam consists of a dark-brown to black silt loam, having 
an average depth of about 12 inches. The subsoil is a yellowish-brown to pale- 
yellow silty clay loam or silty clay. The topography is mainly level to undu- 
lating. The soil represents a residual stratum derived from glacial till. The 
type is admirably adapted to the general farm crops, including wheat, corn, 
oats, barley, rye, flax, and grass. 

The Hagerstown loam is a brown or yellow loam averaging about 12 inches 
in depth. The subsoil is a yellow or reddish clay loam to a depth of 24 inches, 
but frequently grades into a stiff, yellowish-red clay. The type occupies rolling 
valley land, and is derived from the weathering of pure limestone. This is 
typical corn soil. It is one of the best general farming types in the eastern 
States, and is used for corn, tobacco, wheat, grass, and apples, 

The soil of the Volusia silt loam, to an average depth of § inches, is a gray to 
brown silt loam. The subsoil to a depth of 2 feet is a light-yellow silt loam, at 
which point mottlings of gray or drab are encountered. Both soil and subsoil 
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contain a high percentage of flat fragments of shale and sandstone, ranging 
from 1 or 2 inches to a foot or more wide. In addition, a considerable quantity 
of finely divided shale fragments is found in both soil and subsoil. The subsoil 
usually rests at varying depths below 18 inches on beds of shale or sandstone 
rock. The type is derived from the weathered products of the shale and sand- 
stone, reworked by glaciation and slightly modified by extraneous glacial ma- 
terial. It occupies rolling and hilly land and is frequently interrupted or 
bordered by steep slopes not suited to agricultural purposes. The Volusia silt 
joam where properly cultivated is a good soil for timothy and small grains. In 
the eastern part of the region where it occurs it lies at too high an elevation ta 
be well adapted to corn. In this region buckwheat and potatoes are grown to 

advantage. | 


Each of the above soils was treated with applications of the slag 
fertilizer, and wheat seedlings were planted. The plants were grown 
for a period of three weeks and then weighed and compared with 
those grown under similar conditions in untreated soil and in soil 
treated with other forms of potash and phosphatic fertilizers. Since 
the Volusia silt loam responds readily to treatment with hme, two 
sets of experiments were run with this soil. In the first no Hite was 
used except that furnished by this slag fertilizer, but in the second 
cet of tests the soil was limed at the rate of 2 tons to the acre. This 
was done in order to make sure that any beneficial effect observed 
irom the slag treatment was not entirely due to the basic character 
of this material. : 

In Tables VI, VII, VIU, and IX the results of these experiments 
are given. The weight of the untreated plants, or checks, is taken 
as 100; and the weights of the plants grown under similar conditions, 
but in soils treated with various potash and phosphatic fertilizers, 
are compared with this figure. 


TaBLeE VI.—Relative green weights of wheat plants grown for a period of three 
weeks in Carrington silt loam untreated and treated with various quantities 
of potassic and phosphatic fertilizers. 


Application per acre. 


Relative 
Se rea Average. 
Treatment. real ae _ weights. 
Pounds. Pounds. 
(OVE S11 ea Sep ee I a ae eae og ee po eo a RIPE wl ween erl Sel| Peaiere iS Saree 100 100 
Slag tee) Nala tac antl 0 eee) i kt an A a et as Gee 50 60 101 
Shee fe Sine, Rake Poe eg eee Le RET FOO Et Sees ARC 100 120 104 104 
IP Sa cas PN hg is rag Ve, Mat ple ame Ofer 7, Uae 200 240 107 
Potassium Sulphater eer 32 eee ace | eee eas Sean 00) | Ree eee 100 
Sie ag Eee Peed eee SAR Datu ogee Remi cS ee ce eee er OOS | aot eecesce 113 106 
TB YO Ese ye eee Re Sal ete pe Sm amt ie AA dee Pl oS 200s te see ee 106 
INCIGEDMOSWNACCS = = ser. sheen See nee een | semeeee eet 60 101 
Pe ey res ir a Re Gh Peel PBA A gd Md rs Nan ata Se 120 107 107 
Ree eh anes est Og der Le EE a Oe Ree EMEA Ae PR ee = estate te 240 A 
Potassium sulphate and acid phosphate. .......-------- 50 60 0 
Quen asee 2 Byes Boece. Geers E A es 2 SEEN Sas ee Ee ee 100 120 110 109 
FDO) SaaS es a ec Ar See CO PY te Ir ep Fe 200 240 108 
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TABLE VII.—felative green weights of wheat plants grown for a period of three 
weeks in Hagerstown loam untreated and treated with various quantities 
of potassic and phosphatic fertilizers. 


Application per acre. 


Relative 
Treatment. ar eave aly PRT TRING CPTET TN sl tease Average. 
K.0. P20s. weights. 
Pounds. Pounds. 
ee eR Tee eae eset ae in atanale (oh iw a Swi nreias es olnia nse salllai cep cvs sisiaie oillere sicteiarcoie cies 100 100 
Slay C88 LE Ee Keith) ASRS SEUSS SoCR Dor ECO CT aa ane 50 60 101 
eee seins mice ge siemicreisnielcicie. een emis 100 120 107 105 
io PS. 2 ee ee 200 240 106 |y 
Pétscsiin SPLOT OUIG, <2, 55 2 SRO A EEE ea le rar ea BOI eee a aye 122 
B EM RRO eee icote (nice cd wlein ined icle sca tec ce LOO) PS SS Bate 129 127 
ee ee Na for oo elo siaiciaia oluie win sic eve cle craven! PAN ON | ener ie 130 
Acid Pui ates es ore Soe reac Soe cine atstininie [icinorac cides wid g 60 101 
IDF ca Soe nee tec ae SEs a OSI ene ne nl co 120 102 101 
DDD. nee Ssh St eee k CBRE E Oe es ieee an cele aE 240 101 
pote sstamn sulphate and acid phosphate...............- 50 60 111 
Re TEN Ts Het ee Li Se Ace veaiciing ¢ 2S sia\sinrereth = 100 120 116 121 
Do RN oe ene Sere Bo ac ac\t Sais eisicele wuiela 200 240 136 


‘Taste VIII.—Relative green weights of wheat plant grown for a period of three 
weeks in Volusia silt loam, untreated and treated with various quantities of 
potassic and phosphatic fertilizers. 


ation ; 
Application per acre Relative 
Treatment. green Average. 
K,0. POs. weights. 
Pounds. Pounds. 
Cheex nonepeg 225 $eg26 So 50 SoBe SS Se epee le a etm SP eRe een | SAO a 100 100 
lag Cte + Coe eROOOS ED edo HEEL aU” Beare nea te ere 50 60 113 
2 oo Sa R OS SE es ta ES ee ea eee 100 120 114 112 
rn act Gs bo end Sl Sane SoS e OD ee ae er ee pias 200 240 109 
PS ASSTIPMESMP MALO eree. so -ne 6 Soe eee lk PS. 02 Ste CSO Seed MEDS Ae 124 
UM nceboea pense s eon Sebo p een ne earn MOOI ees Gases 117 116 
DOs comb octet ens See SAE ete alee es ae PALO) fare rails ale 107 
UL LA OSSD Gigi. 5 2 eS Pl ee een ea CS a a 60 109 
WO ee eee a ee Me OER Pte ae ns apa en 120 113 117 
Dace cae ose SE Ant oS ee ine a laa a ae 240 128 
Potassium sulphate and acid phosphate................ 50 60 116 
Dod e yred toate] BoB ehe CHE ee Ga ee ae aan ee 100 120 119 115 
Ones i tose a SSS AS eae se a 200 240° 109 


- Taste IX.—Relative green weights of wheat plants grown for a period of three 
weeks in limed Volusia silt loam, untreated and treated with various quanti- 
ties of potassic and phosphatic fertilizers. 


Application per acre. 


Relative 
® Treatment. green Average. 
K,0. P20s. weights. 
Pounds. Pounds. 

ee ee pata ae a aie he 2b ae Peres cme oa ae Hee wie e cd cline Secon oc siere 100 100 

Slag ( eee) Ee Sais aie oe arn haiti 3 Sibrein aici melee 50 60 104 
ee ee a= oe Na ace Se eecicins eneiee = 100 120 110 116 

Do oo ort Ce SESGE LS OBO EC OS ee a el 200 240 135 

2 son SUPE DP ee se ine Se Sepa BO ae een 99 
oo Se conctlg SOD DOOR OE IEE Be ee LOOs ¥en eee ee 142 114 

Do HoSeeccer neces: See eE a eee SS se ZOO ecrcneeiee 100 

“ae a + ceo Age BE. See ee ee ee |e 60 129 
ee ee te 8 IN ee eon wali eeeabcclale o Sat 120 124 123 

cod Cbd cou deen seee Eee eee ee ee een |e eo a 240 116 

Potassiim Buiphaty and acid phosphate..............-. 50 60 110 
oe on GRRE: GB = SR Be SSeS SE ena aera a a 100 120 118 110 

Do sou en oe egtOe ashe 0 ABE OSE Ie ea seen rere 200 240 103 
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Tables VI, VII, VIII, and LX show that in every case applications 
of the slag fertilizer to the soils had a stimulating and beneficial 
effect. : 

The increase in growth caused by the citric soluble potash and 
phosphoric acid in the slag was, as a rule, less than that caused by - 
the application of the equivalent quantities of these two fertilizer — 
elements in a water-soluble form, but this is to be expected in the case 
of experiments carried on for such a short period of time. The tests, 
of course, are not conclusive, but they indicate that good results may 
be expected from the use of such a fertilizer. 


SUMMARY. 


A method of obtaining both potash and phosphoric acid in citric 
soluble form has been devised. It consists of mixing together phos- 
phate rock and feldspar with the addition of small quantities of the 
oxides of iron and manganese to promote fluidity or lower the melt- 
ing point of the slag, the mass being then heated to about 1,400° C. 
for about 20 minutes. The resulting product is not only soluble in 
a 2 per cent citric acid solution, but is also fairly soluble in water 
saturated with carbon dioxide. Pot tests with typical soils showed 
that the mineral increased the growth of wheat plants, but the bene- 
ficial effect derived from such applications was not, on the whole, as 
marked as it was when more soluble forms of phosphate and potash 
were used. The indications are, however, that the slag product has 
a distinct high fertilizer value. 
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